The potential impacts of climate change on individual hydropower system have been addressed in many studies, but the generation influence of a cascaded hydropower system is seldom to be noted. In this paper, a maximum firm capacity optimal model was simulated for the 5-cascaded hydropower system under the 3 climate change scenarios, RCP4.5-GFDL, RCP4.5-GISS, and RCP4.5-IPSL in Lower Lancang River. The calculation results show the RCP4.5-GISS scenario would heavily decrease the generation energy, and the huge reservoir can make a good adaptive capacity to the climate change for a cascade HPPs system.
Introduction
Most climate change studies can be classified into three categories: (1) reasons and mechanisms of climate change; (2) climate change impacts; and (3) climate change mitigation and adaption. It should be noted that most studies belong to the second category [1] . In recent years, an increasing attention has been paid to hydropower generation, since it is a renewable, efficient, and reliable source of energy, as well as an asset to reduce the atmospheric concentrations of greenhouse gases resulting from human activities. At the same time, however, hydropower is among the most vulnerable industries to global warming, because water resources are closely linked to climate changes. Indeed, the effects of climate change on water availability are expected to affect hydropower generation.
A Hydroelectricity's low cost, near-zero emissions and ability to quickly meet peak loads are particularly valuable. Therefore, close attention is being paid to the issue of the impact of climate change on hydropower productions [3] . Many studies have addressed the effects of climate change on runoff and subsequent hydropower productions in different regions of the world. Recently, for example, Markoff and Cullen (2008) evaluated the impacts of hydrological regime changes on hydropower at the installations of the Pacific Northwest Power and Conservation Council in the USA. The main result of their study is that hydropower would decrease for the majority of climatic projections [4] . Madani and Lund (2010) evaluated the impact of climate warming on California's high-elevation hydropower systems under different climate warming scenarios. Their results showed that generation decreased by 1.3% and 19.7% under a warming-only scenario and a dry warming scenario, respectively. HP generation under the wet warming scenario increased by 5.8% [5] . Koch et al. (2011) analysed the future development of hydropower productions in detail for the mountainous Upper Danube basin in Central Europe [6] . Minville et al. (2009) evaluated the impacts of and adaptation to climate change of the water resource management system of the Peribonka River, a Canadian water resource system exploited for hydropower [7] . Further, Stanzel and Nachtnebel (2010) estimated the changes of the water balance and attributed hydropower productions for the entire Austrian territory [8] .
These studies have addressed in the potential impacts of climate change on hydropower generation, but such analyses have been focused on a few individual hydropower systems. There is still a lack of knowledge about generation affections of cascaded hydropower system to climate changes.
Study Area
The Mekong River Basin (MRB) is often divided into the Upper Mekong Basin (UMB) and the Lower Mekong Basin (LMB). The UMB of China and Myanmar (24% of the total basin area) includes three physiographic regions-the Tibetan Plateau, the Three Rivers region, and the Lancang Basin. The UMB is characterized by high mountains, steep slopes, deep gorges, and narrow catchment areas. The Mekong cascades down more than 4000m over a distance of 2000 km from its headwaters in China to Chiang Saen in northern Thailand, with an average slope of 2 m/km (Lauri et al. 2012). Table 1 . Considering the data limited, this study selected 5 of 6 constructed cascaded HPPs, which are XiaoWan, Manwan, Dachaoshan, Nuozhadu, Jinghong from upstream to downstream to assess the climate change impacts. 
Data and Method
The study of climate change impacts on hydropower can divided to three steps: (1) hydrologic changes associated with climate change, (2) multi-reservoir system operation for hydropower production under climate change, and (3) adaption to climatic change.
Climate Change Scenarios
The study chose RCP4.5 (Medium change) as the baseline of climate change conditions, and set 3 contrastive scenarios which are S1-GFDL (wet overall), S2-GISS (Dry overall) and S3-IPSL (Increased seasonal variation). The simulation projection year is 2060 (2051-2070). The corresponding natural runoff differences are shown as Fig.2 , taken XiaoWan damsite inflow as example. 
Cascaded HPPs Generation Model
The study used the Cascaded Hydropower Runoff-Regulation Model (CHRM), which is developed by Kunming Engineering Corporation LTD (KD) and Wuhan University (WHU). CHRM has 3 optimal model options for the cascaded hydropower productions, one called maximum firm capacity optimal model was selected in the calculation. HPP firm capacity is the average output in water supply period (dry season) under the designed guarantee probability. Firm energy refers to the actual energy guaranteed to be available. Non-firm energy refers to all available energy above and beyond firm energy. HPP production in different month is highly related on the rainfall distribution within the year, as a kind of electric power commodities, the firm output of HPP is extremely important, that is also the reason at least one large storage reservoir is prefer to be built in a cascaded HPPs system.
HPPs Basic Parameters
CHRM require the entirety input information about the HPPs to run the model. The necessary data to calculate HPPs monthly productions include, operation levels, output factor, design dependability, installed capacity, upper-lower relationship, basic regulation rules, level-area-volume curve, output limited curves, tailrace flow-level curves, head loss curve, monthly inflow, monthly evaporation and leakage, etc. Most of the parameters provided by KD that the designed company of these HPPs. The classified information would be not shown since the secrecy regulations.
Results and Discussion

Inflow Change
For XiaoWan HPP (1 st cascade), there is no difference between regulated inflow and natural runoff. After the regulation of a large storage reservoir, Xiaowan HPP, the peaks of Manwan (2 nd ) HPP inflow are obviously lower than the natural runoff in the rainy season, and the inflow of S2 (GISS) in dry season is nearly half of the baseline. Dachaoshan (3 rd ) has the similar result as Manwan, reduced nearly 25% the peak inflow. After the regulation of anther large storage reservoir, Nuochadu HPP (4 th ), the inflow of Jinghong HPP (5 th ) seems more smoothly than the other 4 HPPs. The gap between peak inflow and dry season inflow is smaller. The inflow changes of cascade HPPs are shown as figure 3. 
Outflow from Units
The outflows from generators show their weakness to face the dry scenario RCP4.5-GISS (S2), which the natural runoff of S2 is 69% of baseline, but the outflow is nearly 50% of baseline. However, the Nuozhadu shows that 2 large reservoir is better than 1, which are shown as figure 4. 
Outflow from Spillways
The outflows from Nuozhadu HPP spillway is less than the upper Dachaoshan HPP, large reservoir reduce a lot of discharging water. The peak of S1 is almost 2 times as baseline, it is sensitive to the higher precipitation scenario. 
Production Change
The generation production would be reduced much in S2, especially in dry season it is nearly 50%~70% decline. The trends for S1 and S3 seem similar with baseline. S2 is more sensitive than S1 and S3 for Xiaowan HPP in generation, as the natural runoff is 69% of Baseline while the generation is 63%. However, the situation will be better for Manwan HPP, as the multi-year regulation of upper Xiao wan HPP. Jinghong HPP is also obtained the benefits from the upper multi-year regulation Nuozhadu HPP for S2, but generation of Nuozhadu HPP is further affected in S2, as the large storage reservoir is more sensitive to the drought.
Firm Capacity Change
The firm Capacity is severe decline in S2. The firm capacity factors of 5-cascaded HPPs of S2 are all above 15% of Baseline, especially the Xiaowan HPP is only 8.7%, which is supposed to be over 40% as a proper HPP installed capacity design. 
Conclusions
In this study, 3 climate change scenarios were simulated by a 5-cascaded HPPs on inflow, outflow, generation energy and firm capacity. Conclusions were conducted as follows: a) Climate changes have a major influence on the cascaded hydropower system, especially the drought scenario RCP4.5-GISS (S2) would heavily decrease the generation energy, and was hypersensitive about the firm capacity of HPPs. However, the RCP4.5-GFDL (S1) did not show the substantial benefit of generation production, since the limited installed capacity. b) Multi-year regulation hydropower can increase the HPPs accommodative abilities on climate change in a cascade HPPs system. The huger reservoir can make the higher adaptive capacity of cascade HPPs system. But the large reservoir is more weakness to meet the drought than the other cascades.
